impulse load on the dynamic response of the foundation structure, without changing the remaining parameters.
INTRODUCTION
In the field of civil engineering, machine engineering, civil and military industry design, the short-term high intensity dynamic loads are frequent. They occur mostly during the course of work of a machine and machine facilities or under the influence of impact and explosive actions such as falling of the weight onto the ground, seismic actions, explosive impact waves etc. In literature, the short term impulse loads of medium intensity -in exploitation, and the short term impulse loads of very high intensity -in machine failure, are separately treated.
The result of such actions on the structure depends on the interaction in the dynamic system, which according to the observed problem can be defined as the machinefoundation-bedding, impact body -structure -bedding, impact wave -structure -bedding. This paper considers the short term impulse loads of medium intensity, which occur mostly during the work of the machines. Despite the short duration, such loads have certain regularity of change during the course of time, that is, certain form. The aim is to determine the influence of the impulse load form on the dynamic response of the foundation structure, in order to substitute the more complex forms with simpler ones in practical design calculations.
IMPACT IMPULSE LOAD FORMS
The impulse load is a short-term high intensity load that does not change the direction of its action and has not more than one maximum, during the constant action τ.
Fig. 1. Single impulse -graphic representation
As represented in the analytic form, the impulse load can be defined by the expression:
Where: τ -is the duration of impulse f (t) -function characterizing the form of impulse F 0 -maximum load during constant action
The value defined by the expression:
Represents the force impulse and according to the ( Fig. 1) is numerically equal to the surface of the force -time diagram.
The regularity of change of the dynamic impulse load during time -form of the impulse, can be different, but in practice, the rectangular, triangular, trapezoid, parabolic and sinusoid form are most often encountered. Fig. 2 . Rectangular impulse forms 
The impulse duration time (τ) ranges from thousandth parts of a second to several seconds and more and in certain cases can be determined by calculation or experimental methods [6] , [12] . In the absence of the required data for determination of (τ) value, the value τ = 0.001sec can be adopted with sufficient certainty, especially when it comes to the machine impulse loads.
Fig. 7. Rectangular form impulse series
In the course of special technological processes, the short-term impulse load can be periodically repeated in certain time intervals (τ z ), resulting in the final perturbation force as a series of impulses.
THE OBSERVED DYNAMIC SYSTEM
The foundations of the forging hammers have been chosen for the analysis in this paper, since those are the machines with typical impact impulsive high intensity load. The dynamic models, that represent the real dynamic system, comprise the masses of the foundation and the machine, the bedding that supports the foundation (natural beddingsoil) and the slabs installed as the vibration dampers (artificial layers).
In accordance to the applied manner of vibration damping and the type of soil on which the foundation rests, the stiffness of the bedding (k) and damping (c) are defined. The dynamic system is observed with one or two degrees of freedom, as it is shown with corresponding models in (Fig. 8) , depending on whether the foundation block lies directly on the soil or in a casing with vibration damping layers. The adopted dynamic models need to be appended with the corresponding movement equations, whose solution will finally yield the response of the foundation structure to an impact impulse load.
MATHEMATICAL MODEL OF THE ADOPTED DYNAMIC SYSTEM
For the solution of problem, the movement equations known from the structure dynamics are used, derived on the basis of the D'Alamber principle for the event of forced damped oscillations and given in a general case for the system with m degrees of freedom in matrix form:
Where:
[m] -mass matrix { y } -column vector whose elements are the accelerated mass of the mi oscillating system [c] -system damping matrix, { y } -column vector whose elements are the speeds of the masses m i of the oscillating system [k] -stiffness matrix {y}-column vector whose elements are the movement of the masses of m i oscillating system. {f (t)} -column vector whose functions are the functions that define the impulse load regularity of change F 0 -maximum amplitude of the impulse load For the system with one degree of freedom, in respect to the markings of the Figure 8 , and I accordance with the said system of equations (1.8), the expression will be:
In the case of the dynamic system with two degrees of freedom, the expression will be: 
As it can be seen, the movement equations are non-homogenous differential equations of the second order with constant coefficients. The initial conditions that relate to the mass movement and the speeds of mass movement m 1 and m 2 are appended to the movement equations. The initial conditions for the system with one oscillating mass (m 1 ), on which the impact load is acting directly, are: In the system with two oscillating masses, the impact impulse load acts directly on the mass (m 2 ), thus:
In the equations (1.11) and (1.12), v 0 is the initial speed with which the mass to which the force impulse S is imparted starts to oscillate.
In solving the differential equation of movement, the modern software has been usedprogram package MATHEMATICA ® .
ANALYSIS OF OBTAINED RESULTS
Dynamic responses of the structure which were used for the comparative analysis have been obtained from the equations (1.8), in accordance with equations (1.9) and (1.10), for the various displayed forms of impact impulse loads. The influence of the form of the impulse load on the size of the amplitudes of movement (A), number of oscillations (f and λ) and the damping parameters (logarithmic decrement δ and relative damping ξ) has been observed, without altering the remaining parameters in the dynamic system.
Simultaneously, the comparison of the results obtained for the simplest rectangular form of the impulse from [9] , where the movement equations have been solved with numerical procedure (Runge-Kutta-Merson method), has been done.
System with one degree of freedom
This part of the analysis takes into consideration the data for the forging hammer VC 500, where the dynamic system is presented by the model (Fig. 8a) . The size of the impulse, calculated according to Lipinski [6] is S = 4.45kNsec and the duration of the impulse is τ = 0.001sec.
System with two degrees of freedom
The forging hammer MPM 1000 belongs to the high impact energy machines. It is supported by the foundation, consisting of the foundation block in the protective reinforced concrete casing with vibration damping insulation. The corresponding dynamic system is presented by the model (Figure 8b) .
The size of the impulse, calculated according to the data for the said hammer, according to the instructions of Lipinski [6] , amounts to S = 13.56kNsec. Duration of the impulse is equal to the previous case and is τ = 0.001sec. Table 2 . Relative departures of the observed parameters for the different forms of impulses in respect to the 1. rectangular form -approximate solution (PFP),
rectangular form -correct solution (PFT) Foundation block
Observed parameters 
Form of impulse
Amax (mm) f = n / t (Hz) λ = 2π f (sec -1 ) δ ξ % Rectangular
Protective casing
Forms of impulses
CONCLUSION
The impact impulse load defined by the expression (1.1) is characterized by three significant parameters: duration of impulse action (τ), form of the impulse represented by the function f (t) and the intensity of the impulse F 0 = S / τ. In this paper only the impulse form influence on the dynamic response of the foundation structure has been analysed, since it can be simple, more or less complex or completely unknown.
The comparative analysis, performed on the basic parameters of the dynamic response, shows that the relative departures for the considered forms, in respect to the simplest rectangular one, range within limits that can be neglected in practical designing. There is no essential difference either, between the results of the individual forms. It is also obvious, in comparison of the approximate and correct solution for the rectangular form, that the favourable numerical procedures for the solution of the problem can be used in their entirety, as shown in the literature [9] .
The results of the analysis conducted in this paper coincide with the conclusions stated in the literature [6] and [12] that the form of the impulse has a second rate influence on the dynamic response of the system, in respect to the intensity and duration of the impulse. 
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